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1 INTKOnUCTlON 

TWh uowuniulU pi'oaonts tho l-’ivti y«iir Proijmiu Plan t'oj,' thu Maimea Orbit Trmia- 
for Vehicle IMOTV). IncludcU herein are tho planning, achotluleH, eost OBtimatOH and 
supporting data (objoctlvea, conatraintB, asHumptionB , etc.) asBodated witli the devci- 
opmont of tho MOTV. 

Tiio plan, in wc’dition to tiio above nmterini, identinos the Supporting Research 
and Technology required to resolve issues critical to MOTV development. 

2 - PROGRAM STRATEGY 

The strategy ot‘ tho MOTV Px’ogram, consistent with the basic NASA strategy to 
cupitaliisc and build-on the Shuttle capabilities in ox’der to meet the mission x’oquix'c- 
meats which fulWll national space objectives, is to extend NASA's ability to px’ovide 
satellite services to remote and high-energy orbits. The planned strategy is a two- 
step approach, Initially providing an unmanned orbit transfer vehicle (OTV) capability 
and subsequently by modular gx'owth pi’oviding a manned orbit transfer vehicle (MOTV) 
capability. 

3 - PROGRAM GOALS /OBJECTIVES 

The goals of the MOTV Progx*am ax*c (a) to px'ovide the capability to deploy large 
payloads in geosynchronous orbits beyond the capability of the lUS and (b) to pro- 
vide manned capability in geosynchronous ox‘bits to service deployed payloads and/or 
perform advanced missions. Payload deployment to GEO without man is an interim 
goal planned for mid '87 operational capability. The advanced missions capability 
including manned satellite inspection, servicing and repair and fabrication, assembly 
and checkout of advanced systems such as space solar power development articles 
has an IOC prior to the end of '88 us a goal. 

The objectives consistent with the goals described in the above paragraph are : 

(a) to coaiplcte Phase A studies to oxplox*o alternative concepts for the OTV 
Engine and Px’opulsion Module. 

(b) to update the results of the Manned Geosynchronous Mission Requirements 
ajid Systems AmUysis Study (MGMRSAS) to incorporate the results of the 
jibove referenced Phase A studies. 

(c) to define OTV system x'equircmcnts for Engine, Propulsion Modulo and Crew 
Module concept definition. 
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Ui) to pm'fqrm PhtiHQ A/U uml H Hturtios for Syotom, t)rew IVluaulo, Propulsion 
Modulo and Kni^ino oonoopt doflultUm 

(o) to doslgn, dovolop, fabrioalo, aHsomblo and ohookout Propulsion Modulo/ 
Engine and Crew Module hardware to provide hotli unmanned and manned 
OTV operational capability . 

(f) to identify all critical technology issues relevant to the achiovomont of a 
ajanned OTV operjitlonul capability. 

4 - PROGRAM ELEMENTS 

As a result of the MGMRSAS, a MOTV program has boon formulated to satisfy the 
baseline SI Mission. The ground rules and assuniptions associated with the SI Mission 
are given in Fig. 4-1. Similarly, the MOTV configuration and Crew Modulo or Capsule 
which have been conceptually developed to meet the SI Mission reciuirements are 
shown in Fig. 4-2 and 4-3, respectively. 

The program elements in the context of the MOTV Program are best described in 
terms of four major activities, (1) System Integration and Crew Module Definition, 

(2) Propulsion Module Definition, (3) Engine Definition and (4) Supporting Research 
and Technology (SR&T). 

The System Integration and Crew Module Definition activity includes the transla- 
tion of planned missions into system requirements, the definition /production of the 

Crew Module, the integration of the system and the development of system operational 
concepts . 

Ihe Propulsion Module Detinition consists of translating unmanned and manned 
system requirements into detailed module requirements, defining /producing the Pi* 0 “ 
pulsion Module to satisty these x’equirements , and ostablislxing the Pi’opulsion Module 
interface and operational definition. 

The Engine Definition activity encompasses the sumo tusks described above for 
the Propulsion Module. The SR&T activity includes all the technology issues critical 
to the timely development of the MOTV capability. 

5 - PROGRAM CONSTRAINTS 

Iho MOTV Program Plan is constrained by the following milestone dates and 
ground rules: 

(a) The MGMRSAS Phase A Study is completed in 1971). 
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• fiERVICfi 4 QOMM SATREUTES, flO" APART IN QEO. REPEACfi 3 MM8 MODURPB QN f-ACH 

• 11/2 STAGE APOTVi OftOP TANKS PEORBITER 

• APE MOTV COMPONENTS STS COMPATIBtF. A ASSEMBCFO AT 20Q H 2S0 N Ml, 28, S ’ ORBIT 

• MOTV CREW CAPSgtF. SIZED TO ACCOMODATE 3PF.OPUE FOR Ifl DAYS 

• FREE VOl, /PERSON TO BE 



• MIKED SENDER CREW: OS PERCENTILE MALE TO 6 PERCENTILE FEMALE 

• IVA TO BE PRIMARY MISSION OPS METHOD; EVA WHERE NECESSARY 8i EMERQENCV 

• NO DEDICATED AIRLOCK 

• WEIGHT CONTINGENCIES ^ 26% FOR CREW CAPSULE 

16% FOR PROPULSION 

• USE ASTRONAUT RADIATION LEVEL 
177C-310W 

Fig. 4>1 SI Mlition: GroundrulOs & Auumptions 



Fig. 4'2 MOTV GEO Transfer Configuration for Mission SI 
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17?6‘312W 




(U) Plmsp A HtvuUua i'ui« tlw FronulHlon Moitulp mul UnR’inu uctiuplototl in 11)80, 

in) %'\\0 PfopulHion lUoUulu n\ui l-iHViiw liimally davolupoa with a man ivtUul 
uapahlHty U) pauvlUa I'm* tUiai nioUa opovatinn. i.u.. inanmul oi* unmaniKHl. 

til) Thu AulhuHzaUun io lU'uuuuil tATP) I'm- thu MOTV uapahilliy witli tho (h-uw 
Mmlulu ouuui'H in thu lattui* part of 1083 or oarly in i08fi. 

tu) Thu initial Opui-ational Capability UOC) datua for thu unmannud .md mannuil 
t)TV aru 1087 and 1088, ruapoutlvoiy, 

to Thu pi'ot^.ain plan ia based on ground MOTV turnaround although Space 
Opuratit as Center (SOC) OTV turnaround will be aludied as an" option. 

e “ PLANNING ASSUMPTIONS 


In developing tlic five year program plan for the MOTV, 
were made as described below: 


a number of ussuaiplions 


ta) The program plan covers tlie period 1080 througli 1984. Top level planning 
has been iormated to IOC to insure timely development of all program 
elements. 


tb) The Phase A studies for the Systom/Crow Module, Propulsion Module and 

Piigine are followed by Pliusc A/li Studies for refinement of tlie roquiromoiits 
and concepts. 

(e) The baseline MOTV to bo developed includes: 

• Crew Module 

• APOTV Propulsion Module 

• RLIO Dor. lib Typo Engine 

• Drop Tanks 

• Gx’ound/Pliglit Support Equipment 

td) The program costs include and are broken out in the following cjdogories: 

• Phase A/U Studies 

• Phase It Studies 

• Phase C/D hardware design /development /produetioii 

• Supporting Uesearch and Technology tSlUT) 








( 0 ) Spiujo tuiMuu’omm option la tmaoci on the SUC fHoiUty tloflnotl Uy tho JSC SOC 

PruUmlniu'y Study Ropoft dulod May 18, 1970. 

(0 Tho ooala Inoludofl for tho MOTV phaao C/» prop.'raiii aro haaod on tho follow 

Inp; fift'ountl ruloa/aaouniptiona: 

• Coat clatn in 1079 oonatmil doUarn 

• Crow HalarloH and apaoo aulta (oxoopt for SlUT) aro osoludod. 

• Throo Shutllo flights aro roqulrod fl>r MOTV dovolopmont. 

• I otivdvalont unit of oaeh aubsyalein roquirod for ground tost 

• Support ociuipmont oost indudca ono sot for development 

• Non-repUeated weights used for development cost eomputation. 

t Drop lank cost per mission baaed on tho average production unit cost of 
60 units at 85*^i learning. 

• Crew Module and Propulsion Module costs are based on estimated weights 
including 25“i and 157> contingency, respectively. 

• Spares included only for production. 

7 - SCHEDULE Ki MILESTONES 

The top level schedule for the MOTV program is shown in Fig. 7-1, and is ampli- 
fied by the Master Schedule presented in Fig. 8-4, section 8.16. As noted above, it 
includes the five year development plan, ’80 - *85, as well as tho phasing to achieve 
a nmnned IOC in 1988. Major milestones to the manned IOC ai’e also identilled. 

Ihe major milestones include the NASA review /budget approval dates for a 
phased MOTV development; Module mock-ups and required dates for MOTV develop- 
ment; and IOC dates for the unmanned and manned OTVs. 

The schedule in Fig. 7-1 shows the phasing of four major activities - contracted 
studies, future studies, phase C/D and SR&T. The contracted studies include the 
MGMRSAS, Propulsion Module and Engine phase A studies. Phase A/H type studies 
have also been awarded for point designs of the expander typo engine. The future 
studies include phase A/B type studies for the System /Crew Modulo and Propulsion 
Module to refine mission /design /operational requirements definition. The results of 
the phase A/B studies provide the basis for NASA decisions to proceed with phase H 
studios for the System /Crew Module, Propulsion Module and Engine. 

Based on the results of the throe phase B .studios (eompletc or partial), a NASA 
decision is made to proceed with a 1982 Phase C/1) go-ahead for the unmanned OTV. 
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Although this approval Is for an unmanned OTV, tho Engine Phase C/D and the 
subsequent Propulsion Module Phase C/D have an initial requirement for man-rating. 
Following tho completion of all Phase D studies, a NASA decision is made in 1983 to 
proceed with the manned OTV Phase C/D. The culmination of these activities is the 
1st unmanned OTV flight in 1987 and the 1st manned OTV flight in 1988. 

Engine , Propulsion Module and Crew Module are appropriately phased for deliv- 
ery, integration and fUght. The mock-ups are phased to the SR&T program which in 
Itself is phased to the program milestones as discussed in detail in subsection 8.4. 

8 - PROGRAM CONTENT 

The content of the MOTV development program is presented and discussed in 
five areas as outlined below : 

(a) System Integration and Crew Modulo Definition 

(b) Propulsion Module 

(c) OTV Engine 

(d) SR&T 

(e) Manned Mission Development 

For the first three areas, Phase A/B or B study activities are described and discussed, 
hardware development and acquisition planning are presented and schedules and costs 
are detailed. The SR&T area addresses the technology issues critical to the MOTV. 

For each issue, the reason for the criticality is discussed, schedule and phasing re- 
quirements are presented and cost requirements summarized. The Manned Mission 
Development identifies the planned orbital activities to achieve a manned GEO capa- 
bility . 

8.1 SYSTEM INTEGRATION & CREW MODULE DEFINITION 

8.1.1 System Integration Activity in Phase A/B 

The basic objectives of the Phase A/B study in system integration are to incorpo- 
rate the results of the Propulsion Module and Engine Phase A studies and to refine 
mission/system requirements and interfaees /program planning. Alternate missions to 
the baseline design reference mission (DRM) will be considered and various seenarios 
of manned activity, particularly as they differ from the DRM, will be defined. The 
alternate missions will encompass requirements for short duration (2 day) and long 
duration (30 day) missions with crew sizes from 2 to 8 including passengers. The 


8 


will 1„. ,0 11... „« II... i.iiM, 

"'"‘'""I ''-"'v.... 

' 

r.,.. ....... .,.,1,,,, „„1 ..us., i... , 

u, • 

..Mti.y ..... .,m 1,0 O.O., A motv 

' "".I ....li,,,!" ' 

ri... „..,iv,,y „m ,„H., ,,,r.,.o ,„o s„„„.v„o,„ .,on„iti.„. 

T'm n l“>twoon Iho (’row Modulo oiul IVropulsion Miuiulo sul.sy^ 

-“vi.,v ..m „o„...,..,o 

. 1 1„ „, 1 | .-oiioo, , 1.0 or „uo,.„„u. ,ior.„w..„» ,„„i 

.......v .,lo/,s„„sy„u.„, AU «,»,s ..i„ .... ,„...„o,„o., 

lantu\s about tlu^ luoaiu 

TI.0 rivo MOTV 

; 7 “*“"* ,.„k. .... 

Iir' n . '««' .«• .... 



». 1 . 2 MMl!yJ Or.y M'i.l.,lo lh.o l e;iis A /I, .i|„.|y 

Tl... ...v,. m.hI., 1,. o„„..o,,|„„| I , 10 „„„ ^ 

...... .v,,»»o.,so.. „.o ^ ^ 

.u.r.„o.. „y o„o A/„ ou..,., 

1.. I, ... 10 ,. lo u„. lovol for on... ..„,.„„,o .lofl„m„„, ; ' 

,00, ^,oooo;,„,y 

lr 2 L """ 

, 7'' to II... h.,«.u„o 

„„o, : 

S...., ,.„„„n..,„|o,.o „1|, ,.o „.,s,.,i„o 

r,M- 


of ihoMi' "iiiliii MoiI.m" will ho olomiy iIoI'IiuhI in toi'iHs of ptM'foj'iimuoo, UiivlotioH, oporn 
tioMfi, o*»hI timl hropiilriton ModuU^ l»i(tM*fiioo. Wlioro "mini iiuuIm" ari' impi'mMionl or 
ImpoHMihU'. n hiuUoittiHl auhayHlom will ho iiloiitifuHl anil iloaiivn, porformanoo aiul oost 
i’hai'MOtorial ioH tU'lomliioh. Tho auhayalom (lofiinlion will also iiiolmlo man ratiutv 
roipilromontH i,o.tv.. roiluiulanoy . haoK up systom, iHuiihi|Voiu'y ) ami iho rationalo foi* 
thoir UHO. 

Tlu* I’row Moilulo Aotivity will iH>usUlor tho ilosi|VU impaot of oporalional roquiro 
aiouts for hoUi |t'rt>uiul ami .spaoo MOTV turnaround. Thoao oporalional roquiromonts 
will ho upilaUal vorwiotia as dovolopod by tho aotivity dosorihod in iSuhsootion S.l.:i. 

8.l.:t Turnaround Oporatioms for 1‘haso A/H Study 

Dtiliiuiq*' tho iqnlalod mission, systom roquiroaKmts and Crow Modulo dofinitions 
pn>duood by tho IMiaso A/H study, tho roquiromonts for fli|vht and ground v>pora(ions 
will bo dofii\od in dopth . Tho oporations dofinition will inoludo tnrnarouiul and sup 
pi>rl roquiromonts and oonsidor both I’rotind basoil and spaoo basod turnaround, with 
tho laltor usinif tho Spaoo Oporations Contor (SOC) faoilily. Tho vaupiiromonts for 
I aoh luodo of turnaround will bo fully idontifiod. 

Dotailoil timolinos. manpowor and (trouml basod /spaoo basod faoilitios will bo 
idontifiod for tlio MOTV tuniarouml. No now faoility roquiromonts havo boon idonti 
fiod to dato for j’rouml MOTV turnan)und. Sj>aoo basoil oquipmont for SOC turn 
around will bo dofinod as doltas to tho basio SOC. Intorfaoo roquiromonts botwoon 
tho Crow Modulo. Propulsion Modulo, STS. SOC and t?foiuul faoilitios will bo dofinod 
to assuro oompatibility duriiq? sorvioiiqj, safint>; and other tttrnaround oporations. 
Uocpiiromonts for abort. oomp*u\ont ohanp:oout on tho launoh p.ad. 1)01) poouliar ro 
quiromonts. orbital flight instrumontation tOPl). launoh prooossinp' systom tl.PS) 
intorfaoos and software will also bo idontifiod. ttSli lanpilromonts inohuliiq? intortaoo, 
ovmfitvui.aiion aiid porhirmanoo will bo dofinotl. Proliminary MOTV spares i>rovisioniiqr 
will alst> bo dovolopod. 

Pliithl oporations roquiromonts will bo ostablishoil and a mission plan dovolopod 
t»> inohulo orbital tiaudinos, mission rolalod hazard analyses and oontinponoy plans. 

Maintonanoo {uul mission .sonsitivo trades will bo oonduotod to soloot low oost 
api»roaohos tv» flitjht ami p,rotind oporations. Those trades will iitoludo btd not bo 
limitoil ti* Ol'M versus l.PS ohooKout and horizontal versus vortioal MU'l'V turnaround 
pr«>oossii»|f. 
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8.1.4 Pluiau A/H Htmly Plan/Sehotlulu 


The biialc oUjoctivu of Iho System Inlo^rntion niul Ci'ow Module Definition PliaHC 
A/H Study is to utilize the OTV I’olated Pha.su A atudiuH, which either have been or 
will bo completed in the near future, to develop altei'uate miHsions to the baseline 
doaign referenee mis.sion and to assoHs the impact of the.se alternate missions on re- 
quiremenls, designs, interfaces, schedules and cost. 

The task How and milestone schcdiilc for this Phase A/B study are shown in 
Fig. 8 1 and 8 2, respectively. As shown in Fig. 8-1, the study activity is logically 
grouped into five tasks. The inputs for these tasks arc the overall study inputs and 
the outputs of specific tasks of this study, also shown in Fig. 8-1. 

Task 1, Mission Definition and Manned System Requii*cments, evaluates alternate 
aiissions to the design reference mission with various scenarios of manned activity. 
Alternate missions are selected and utilized to update the manned system requirements 
and mission handbook. The manned system requirements, ineluding man-rating lea- 
tures such us subsystem reliability and redundancy for crow safety , are docuaicntcd 
in a preliminary MOTV top-level specification. 

The outputs of Tusk 1, in conjunction with the study inputs, are used to perform 
Task 2, Crew Module Definition. Previous Crow Module designs are reviewed and 
modified to meet updated system requirements. The basic approach is to meet these 
varying requireaients by minimum modification of the basic Crew Module design. Pre- 
liminary design drawings and mission scenario sequences are prepared for the alter- 
nate requirements and missions. The efforts of this tusk are iterated as required by 
the outputs of Tusks 3 and 4. 

Tusk 3, Subsystem and Interface Definition, defines the subsysteais and module 
interfaces to accommodate alternate mission/system requirements. These definitions 
arc based on the study inputs and the outputs of Tasks 1 and 2. 

The outputs of Tusk 3, us well as Tusks 1 and 2, are utilized to define flight and 
ground operations. The options considered include space (SOC) and ground turn 
aroujul. Consistent with the alternate mission /requirements, operational rotpuroments 
including facilities, manpower, support equipment, ijitei'faces , servicing, maintenance, 
software and spares are defined. 

Task 5, Programmatics and Cost, uses the outputs of all the other tasks to up 
ilatc cost and schedule data provided as study inputs. The five year program plan is 
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uptliUtnl to I’ofloot Iho liilOHt clatu indudlntt orilioal tlovolopmonl and tciahnolo(vy itoiuH, 
scluJduloa, plana and cohIb. 

Tlio robulta of the I’haao A/U aliuly avo docuiuonlod by tho Civo roporls noted in 
Fit?. 8-1 an atuily outputH. 

Tho aludy luilostonu aohodulo, 8*2 idcntil'ioB tho atudy milostonoa, taaks, 
I'ovicws and docuiuontation output. It is based on tho task flow lORic of Fit?. 8-1. Tho 
aiilostonos include quarterly NAtjA briefings and a fintd study presentation to NASA. 
"In-houso" reviews are cunduoted with the Grumman Study lloviow Board created to 
support this effort. Progress reports are provided to NASA monthly, except where 
quiirteriy reviews are sehcdulod wherein Performance ileview Documents arc px’ovided 
in their place. Draft and final reports ai*c submitted as noted in Fig. 8-2. 

The time phasing of the study tasks is also shown in Pig. 8-2. The duration and 
sequencing of those tasks is commensurate with the required activity and their appro 
priate interrelationships . 

8.1.5 System /Cx’ew Module Development & Acquisition 

MOTV development and acquisition are best discussed within the framework of tho 
program Work Breakdown Structure (WBS) shown in Fig. 8-3. The system develop- 
ment and acquisition discussed in this section include all of the hardware items of 
Fig. 8-3 except the Propulsion Module. The development and acquisition of the Pro 
pulsion Module and its Engine are discussed separately in Subsection 8.2.3 and 8.3.2, 
respectively . 

The System /Crew Module development and acquisition are based on the extension 
of tho Phase A contract to perform a Phase A/B Study, a Phase B Study competition 
with two contractors and the selection of one contractor to design, manufacture and 
test the Crew Module and integrate the MOTV system. This appx'oach is eontingent 
upon Px’opulsion Modulo /Engine study i*esults and the ability of the SH&T program to 
1 ‘esolve cx'iticol technology issues. 

The grapplcr, manipulator and standard EVA tools /checkout etiuipment x'oquiro 
development and acquisition bxit ax*e part of tho Crew Module. Other hardware items 
sueh as the Ox’ound Support System, Flight Support Equipment and Drop Tank ai*e 
sepaivUe program elements which require design and fabi’ieation and/or px’oeui'ement . 
They .ire separate WBS items not included in the CM or PM but since the development 
and aciiuisition ax*e I’clatively sti*aight fox’ward they ai'o not discusseil in detail in this 


13 


MILESTONES & TASKS 


MONTHS FROM AlH 
1 , 8 


a , 4 I B I 0 


,g, 


STUDY MILESTONES 

• KICK OFF MEETING 

• SmEFINOS 

• IN HOUSE REVIEWS 

REPORTS AND DOCUMENTATION 

• STUDY PLAN UPDATE 

• PERFORMANCE REVIEW DOCUMENTS 

• PROGRESS REPORTS 

• FINAL REPORTS 


AAA 
AA AA AA AA 


A A 


A A 


A A 


A A 

draftA iu 


.FINAL 


STUDY TASKS 

1 MISSION DEF & MANNED SYS REQ 

• ALTERN MISSION DEV 

• MANNED SYS REQ UPDATE 

• MISSION HANDBOOK UPDATE 

• MAN RATING REQ & TOP SPEC PREP. 

2 - CREW MODULE DEFINITION 

• PRELIM. DESIGN St MODIF. PREP. 

• MISSION SEQ DEV 

• TECH REQ IDENT 

3 SUBSYSTEM St INTERFACE DEFINITION 

• MODULE INTERFACE DEFINITION 

• S/S MOD DEV 

• S/S MAN RATING REQ DEF 

4 - OPERATIONAL REQ'MtS DEFINITION 

• GND St SPACE TURNAROUND REQ DEF 

• SUPPORT EQUIP REQ IDENT 

• MISSION PLAN DEV 

B PROGRAMMATICS 8t COST 

• COST St DEV. SCHED UPDATE 

• B YR PROGRAM PLAN UPDATE 

• CRITICAL ISSUE TECH IDENT 

FINAL REPORT PREPARATION 
1/76 3Qt»W 


Fig* 8^2 Phase A/B Study Milestone Schedule 
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five year plan. Subsequent revisions of the plan will consider the development and 
acquisition of these items. 

8.1.6 System /Crew Module Schedule & Cost 

The Master Schedule for the MOTV Phased Development Program Plan is given in 
Pig. 8-4. This schedule, in addition to amplifying the milestones and module activity 
shown in Pig. 7-1, details the critical issues phased to the MOTV study and hardware 
activity. The critical issues cover both criticiU technology items requix*ing SR&T pro- 
grams and major cost impact technology issues which must bo traded during the MOTV 
studies. All critical issue activities are scheduled to support tlie established system 
milestone dates. 

The MOTV program costs for the Crow Capsule exclusive of the study /SK&T 
costs arc tabulated in Pig. 8-5. Pigure 8-5 shows tlie costs broken down by major 
liardware clement or function and by program phase, i.e. , DDTtiiE and Production. 
The $502M DDT&E costs includes the subsystems in the CM and excludes those por- 
tions of the subsystems in the PM. The $115M Production cost covers two CMs con- 
sistent with program planning. 
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1‘HOI‘UWIUN MODUIJv 

IH’opulHluu MotluU' nuHli-YUii I’ui* IMmuti A/H ?^tiuly 

Althmiivh tUo I'M phuHp a hUuUoh lm\H< Ih'uu I’m-iiuilmiHl with tlu^ ItUout of 
llrshliiit: u m-umimnuUnl PM pw,V»wu. Uu‘ MUTV profWam plan pi-opiim^n an aUm-naUvn 

will h« invnatl,atln,valuu.nat« 

m HiHlona ami upUatlnit' ayatum/aubsyatom nuiulrumimta ami thg Kni^im plmag 
A/H atmly will Iw agv(?loi>in,.v point acalffim (\u* the expander type enp-ine, the PM 

Phaae A/H atmly aa plamied will refine the PM eonflt.nnv»tlo.ia/eonuepta/prom>ai.ia 
atndied in phase A. 

AeeerdinR'ly . the PM doalttna to be studied in phase A/U Include the all propul- 
sive OTV concept ami 2 aero mssisted OTV concepts. aero-maneuverin(f and aero' 

bre.aklnp:. The phase A/H will also continue the study of evolutionary options as.so 
ciatod with each concept. 

Phase A/i\ Study Plan /Schedule 

As discussed above, the basic objective of the proposed phase A/U study is to 
develop a recommended prog-ram lV>r the OTV Propulsion Module. The prime iliputs 
lor the phase A/U study are the results the PM phase A study . tlie outputs of the 
hystem/Crew Module phase A and A/U studies, and the output of the Engine phase 
A/B studies. The outputs of the phase A/U PM study are a recommended PM program 
together with related development plan, schedule and cost estimates. 

The PM phase A/B study schedule is planned as a 12 month activity. It is pro- 
po.sod as a follow-on extension of the current phase A study contracts with a phased 
sequence ol updating PM requirements, refining concepts and approaches, updating 
ongine/subsystem requirements and refining the definition of selected concepts and 
development approaches. Each sequence lasts for approximately 3 months with some 
overlap for interaction between the activities. 

^•“•3 Propulsion Module Development & Acquisition 

As noted above, the PM activity continues with a follow-on extension for the 2 
phase A contractors to perform the phase A/H studies. Subsequent to completion of 
the phase A/U studies, NASA is expected to select a preferred PM concept /program 
approach. Based on this selection, a phase U HFP will be released and ultinmtely 2 
contractors will be chosen to perform detailed concept definitions for the selected PM 
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m;rt to iMpmo phaao c/D paoposnla. Q„„ aontpuola,. will pp ppipptp^ 

i« Vloiito. mapinblp »na Mooptunpp toot tho Proputeto,, mo,j„|o ti,p u„„,„„„pj 
ttriU mtinnpU OTV's, nuumnnpu 

t't’oi HtlHlon MoaulQ fSeheau lo fit Caot 

Thu sehoUulo for tho PM iluvolopniont ,mU hoquIslUon Is li.olurtoa In tho Maator 
ohodu to 01 MR. 8-4. SI* naarth poptods atto plannod botwoon phaaoa to allow for BPi 

MaliaMlll""! P^PuratiOM and/op ppopoaal ovaluatioji and oonlpaot award 

lajop .nllostoao datoa Inoludo a PM phaao B „pp.*,v„, i„ oot. '81, an unmannod oT‘ 

)io(!iaiii approval in Oot. '82, and Itas Oral mtrht PM dollvory In mid-'87. 

Tho PM pnoffran, ooata inoludo 1 adlUon dollara for 2 phaao A/D oontraota 2 mll- 
Uon dollara for 2 phaao B oontraota and an oaU, anted 400 ,.,lmo„ dollara fo pi c „ 
PoludlnR *301 Mlmon for DDTaB and «0 Million for Produotlon of 3 fllRld p11 

5ootl„?s.°“ ““ ™ Pf'^^O'Xed In 

8.3 OTV ENGINE 

Phase B Study Plan/Schedule 

The basic objective of the OTV Engine Phase R Sfnri,* i., fi *. t • . 

and test of a demonstration engine. This approach is condstenrwith ^e rurrenrin ^ 

P*euon in April 80, the basic objective is to optimize the exnande,. 

Oct^‘80^^trrL^cL^*''T contracts recently awarded and scheduled for completion 

oontraotora are devoloping a point design for the oapnnuor oyolo engine 

The prime inputs for tho phase B study are tho expander ongino n„l„, doslnn, 
Uon o„.„o and 

lfphLrc/r"“”‘"" ond a p„,p„o„l 

The sohedulo for tho phase B study is planned os an 18 month activity. Tho 

12lm*"tolrrioT°'°** ■"™“f'‘“‘«i''=/tost planningi tho next 

month, to fabrication, assembly ond chookout, and tho last 3 months to tost, 
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ovaluatUm uf i’ohuUh aiul prapavatlou of a pUaHu t’/l) proposal. Thla Hohotiulo will 
I'oqiUi'o tUo piii'uliaHO of IniiR lomi itama in the lattm* part of pliaso A/U, 

fi.H.2 O'fV H iqxtvw Uovolopmont Ri Alh| u1hU1oii 

Tho UTV ontviuo Uovolopnwut and la'qulHitUm In Ita ourrontly aoiUi'aotod atopa 
are disuuaaod in aubHootiun 8.2.1. !n tho auU.amiuynt aolivUy, a aoiiipotltlvo phaae U 
la plannod with 2 yontraat winnei's. At tho oonulusion of the phaae U eoinpletlon, 

NASA ia oxpeeted to ehooHe tlio preferred eiuvlne eyelo and the winnlnt?; eontractor. 
Aanuminit' an unmanned OTV proitraiii (?o ahead, the soleete*! plm.se C/1) eontrjietor 
preeeoda to doeiffn. fabricate, aaaemble and aeuoptanoo tent esttvimm for the unmanned 
and manned OTV's. 

8.3.3 OTV ling ine Sehedulo & Cost 

The schedule for the OTV Knfjine dovolopaient and acquisition is included in the 
Muster Schedule of Fl^’. 8-4. Six month periods are planned between phases to allow 
for KFl’ finalization /release , proposal preparation , and/or proposal evaluation and contract 
award. Major milestone dates are an Eng;lne Phase U approval in Oct '80, an unrnanned 
OTV program approval in Oct '82. and the first flight engine delivery at the end of 
' 86 . 

The Engine program costs include 2 million dollars for the 2 phase B contracts 
and 84 million dollars for the phase C/D including 2 sets of flight engines. The 
funding requli'ements for the OTV Engine are included in iue funding schedules 
presented in Section 9. 

8.4 SUPPORTING RESEARCH & TECHNOLOGY (SR&T) 

As part of the MGMRSA study, a number of critical Issues have been identified 
which must bo resolved for an orderly and timely completion of the MOTV program 
within reasonable cost. These critical issues arc categorized into two gi*oups, (a) 
technical issues which if not solved will preclude MOTV flying and (b) cost issues 
which have a major impact on program costs. There is a third categx)ry of critical 
Issues wliich relates to technology Improvements that mx} not incorporated into the 
initial MOTV but are desirable for growth versions. This third category of critical 
Issues will be developed during the follow-on plmse A/U study based on the alternate 
missions formulated in the phase A/U study and the outputs of the Propulsion Module 
and Eng;ine phase A studies. 
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TIu) urUlual tauhaoloKy Ihhuoh aw ahown lii Fl^r, g 4 jn m-Uur of oHticality. Fauh 
ol ihoHo ovltlual Ihhuoh jhhjuIi'o an SlUT o(»iuiniUmont tt» Hvipport tlio MOTV pwgi'am. 
riio waaou fm* tho SHSiT foquiromoiit , tho appm/ioh for roHolution, Hohoaulo ami 
ooHt for oaoli aritiual Ihhuo aro (\lvon In M|V. H-a tliroufvli H-l'i. 

riio major ooat impact critical Ihhuoh and their planned Hohcdulo for ro iohition 
aro alHO shown in Fljv. 8-4. Those issues and their impact on the MOTV will bo ro' 
Holvod by analyses and trades performed as part of tho phase A/H and li studios. In 
all eases, these issues have major cost impaot and eomprohensivo analyses /trades 
are vital to the dovolopmonl of tho MOTV protjrani. 

8.5 MANNFD MISSION l)hVliL01*MliNT 

The manned mission development addresses the MOTV fliglii demonstration aetivi- 
tios that are planned which lead to tho operational demonstration of tlio manned GliO 
mis.»ion capability. These activities are based on the assumption tluit the Sll&T pro- 
{?ram described in subsection 8.4 has been implemented. 

Tho flight demonstration activities include Shuttle assisted MOTV system /opera 
tional development, unmanned OTV flight and the initial manned OTV ilight. These 
activities and their timing are shown in Fig. 8-1 3 . All activities are part of the MOTV 
phase C/D program. 

The initial development is a space doaionstration of on-orbit assembly of the 
MOIV. A representative Drop Tank is assembled with a roprosentative Propulsion 
Module which is held in position by the Orbiter. Tho representative aspect of the 
demonstration models covers accurate hard point dimensioning and approximate cor- 
relation of weight, volume and center-of- gravity conditions. This development activ- 
ity demonstrates tho ability of the Orbiter and its manipulator system to handle and 

position MOTV modules and the capability of man in EVA to complete tlio assembly of 
these modules. 

The next development activity is a flight demonstration of the Crew Module 
manipulator /grapplcr .system. Tliis system consists of the prototype manipulator de- 
veloped by the SH&T program and a development grappler produced by tlie CM phase 
C/D. A satellite mock up with replaceable modules and associated manipulator/grap- 
pler displays and controls are also provided. These test articles will verify the capa 
bilily of the manipulator /grappler design and man operating IVA to perform manned 
GEO tasks such as satellite retrieval, module removal and module rei>laeement. 
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9 ' MOTV INTKC.RATKl) SCHliDULlJ & COST 


Tlic intognUod or miistor schedule for the MOTV program is given in Fig. 8-4, 
previously utilized in the MOTV module discussion. The master schedule has been 
time phased for the orderly development of the MOTV eapablUty. The sigriillcant fea- 
tures of tills schedule include: 

• early system and module definition studies time phased for appropriate inter- 
action between studies 

• addressing and resolution of major cost impact issues in the studies 

• SR&T activity to resolve "show-stopping” critical technology issues prior to 
major program decisions 

• long-range requirements incorporated into design requirements, i.e. , man- 
rating requirements included in the initial design of unmanned modules. 

• concentration in early years activity on critical issues to limit funding require- 
ments 

The cost of the MOTV program is presented in Hg. 9-1. The costs have been 
developed in accordance with the assumptions defined in Section 6. The program costs 
are broken-out by major program function or hardware element and program phase as 
well as summarized into sub-total and total requirements. Key costing assumptions 

such as year dollars , weight contingency and pi-oduction quantity are also noted in 
Pig. 9-1. 

1 he funding schedule associated with the Fig. 9-1 program costs and the Fig, 

8-4 muster schedule is shown in Fig. 9-2. These funding requirements include the 
study / SR&l and phase C/D costs. The study /SR&T funding requirements for each 
of these categories is plotted to an enlarged scale in Hg. 9-3. As noted above, the 
MO IV program plan is keyed to the lowest early year funding reqiurements consistent 
with the resolution of critical issues in support of major program decisions. 
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